INTRODUCTION
South-western Australia represents a region that is internationally recognized for its exceptional diversity of terrestrial life, according it the status of one of the world's top-20 biod iversi ty hots pots (Myers et n/., 20(0) . This rilnking was largely based upon the remarkable radiations of the vasculilr flora, but it has become increasingly obvious that many components of the terrestrial invertebrate fauna are very species-rich and that high proportions of the fauna are endemic to the region (Hopper et nl., 19(6) . Some terrestrial and aquatic invertebrates ilre also postulated as possessing high numbers of short-range endemic taxa (Hilrvey, 20(2) . We confined our study to araneomorph spiders which are easy to collect in pit-fall traps and for which we have sufficient expertise to undertake species-levl'l identifications.
Although sporadic descriptions of Western /\ustralian spiders were milde bv 19 th century European taxonomists on specimens collected from King Ceorge Sound and the Swan River Colonv, the first comprehensive publication was Simon (I 19(9) who published on the collections of a C;ermiln F:xpedition led W. Michaclsen and I~. Ila to south-western Australia in 1905. A great varietv of were named, but unfortunatl'ly few of the names are currently in use due to the poor descriptions and paucitv of illustriltions.
Very few araneomorph spider families are currently well known in southern Western Australia. Taxonomic revisions have been published for only a few taxa, including: Ammoxenidae (Platnick, 2(02), Anapidae (Platnick and Forster, 1989) , Filistatidae (Gray, 1994) , Gallieniellidae (Platnick, 2(02), Hersiliidae (Baehr and Baehr, 1987 , 1992 , ]993, 1995 , 1998 , Lamponidae (Platnick, 20(0) , Nicodamidae (Harvey, 1995) , Orsolobidae (Forster and Platnick, 1985) , some Salticidae (e.g. Zabka, 1990 Zabka, ,199], 1992a Zabka, , 1992b Zabka, , 2000 Zabka, 2(01) , some Sparassidae (Davies, 1994; Hirst, 1989 , 199Ia,b, 1992 , Trochanteriidae (Platnick, 20(2) and most Zodariidae (BachI' and Jocquc', 2000, 2001; Jocquc' and Baehr, 2001; Jocquc' and Baehr, 1 . BachI' and Churchill, BachI', in press) Over the past 15 yeilrs, several broad-scale biotic survevs have been conducll'd in vVestern Australia, and spiders were one of the grou ps tilrgcted for detailed anal vs is to discern how the spider faun,) WilS distributed across the landscilpe. The first \\'ilS iln examination of the hunil of the Kimberlev raintorests in which spiders Wert' eXilmined in detail bv Milin (1991) . A rich ilssemblage of both cursoriill and web-building types was IT'\·ealed.
Perhaps the most comprehensive studv was in the southern Cilrnarvon Basin where a pitfall trapping program revealed a totil1 fauna of ilt le,lSt SOU (l Jilrvev ell/I., Main cI,ll, DOI: 10.18195/issn.0313-122x.67.2004.257-291 258 M. S. Harvey, ] . M. Waldock, N. A. Guthrie, B.] . Durrant, . L. McKenzie
Unique patterns of endemism were found, and spatial patterns in the composition of the spider fauna were strongly correlated with climatic and soil attributes. The dataset we investigated in this paper was collated as part of a biodiversity survey of the Western Australian wheatbelt (Figure 1 ), an inland area of some 205000 km 2 ranging from Geraldton to Esperance, to discern patterns of endemism in a highly fragmented and disturbed landscape. We provide the first account of the Western Australian wheatbelt's fauna of grolmd-dwelling araneomorph spiders, and explore patterns in community composition in terms of measurable attributes of the area's physical environment, including salinity.
METHODS

Study area
The wheatbelt study area has an area of 205 000 km 2 and comprises all or part of five biogeographical regions (Figure 1 ). The inland boundary is a little to the west of the 300 mm isohyet. The western boundary is east of the 600 mm isohyet. Along the southern coast, the southern boundary approximates the 550 mm isohyet but avoided near-coastal environments. Its semi-arid to sub-humid climate is influenced by temperate weather systems (mainly winter rainfall, see Bureau of Meteorology, 2001) , and its surface hydrology is characterised by low gradients, high potential salt A r a n e om o r p hs p i d e r s 2 5 9 t h e s ev a l l e y f l o o r s .A l t h o u g h t h en o r t h -w e s t e r n (G e r a l d t o n S a n d p l a i n s ) a n d s o u t h -e a s t e r n ( E s p e r a n c eP l a i n s ) p a r t so ft h es t u d ya r e aa r eo n d i f f e r e n tg e o l o g i c a lb a s em e n t s( e . g .M o r g a n a n d P e e r s , 1 9 7 3 ) , t h e i rg e om o r p h i cu n i t sc o u l db e c l a s s i f i e di n t o t h e s am el a n d f o rmc a t e n aa c c o r d i n g t o s o i lp r o f i l ea t t r i b u t e s .
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A consistent land form model was used to position the individual quadrats (Figure 2) , so an equivalent cross-section of the landscape profile's main components was sampled in each survey area. This nested, stratified sampling allowed an analytical option in which each survey area was treated as a single landscape-scale releve; by pooling the lists of species from a survey area's 12 or 13 quadrats, we might suppress the influence of local substrate on the classification structure, thereby exposing broad-scale patterns for analysis.
The spiders on each quadrat were sampled using five 2-litre, glycol pits left open for one calender year (1825 pit trap nights per quadrat). Pits were 25 cm deep, 12 cm in diameter, contained 0.4 litres of glycol-formalin (320 ml ethylene glycol, 64 ml tap water, 16 ml formaldehyde) and were set flush with the ground surface. Each pit was protected by a square plate of wood (0.15 X 0.15 m) suspended 5 cm above the pit's mouth. The five pits on each quadrat were positioned in different microhabitats -bare ground, leaf litter patches under trees, beside rotting logs, under low shrubs etc. They were always at least five metres apart.
Quadrats in the YO, QU, KL, MN, NR, WK, KN and HY survey areas were sampled from October 1997 to September 1998. NO, ML, MO, WU, JB, WH and BE were sampled from September 1998 to October 1999, and DA, DU, PI, LK, UN, ST, GP and ES from October 1999 to October 2000. Every four to six months, specimens were removed from the pits and fluids replenished. After washing, sorting and identification, the specimens were lodged in the collection of the Western Australian Museum.
Physical attributes at quadrats
Landform units in survey areas on the Yilgarn Craton were numbered from 1 to 12 according to their position in the landscape profile (see Figure 2 , McKenzie et al. 2004) . Units belonging to the dissection profile were numbered from 1 to 7, while spillway sand and duricrust units associated with the old plateau profile were numbered from 9 to 12. Unit Bg in which spillway sand mantles a clay belonging to the dissected valley profile was assigned to number 8. Units at the bottom of the dissection profile included fresh water swamps (unit 1) and saline flats (unit 2). The highest unit in the landscape was duricrust pavement of the old Tertiary plateau (unit 12). Quadrats in survey areas on geological basements other than the Yilgarn Craton (those in the Esperance Plains and Geraldton Sandplains bioregions) were positioned using the relevant 1:250 000 maps of surface lithology (e.g. Morgan and Peers, 1973) , and arbitrarily assigned to our 12-class landform catena according to their soil profile (texture and horizon sequence), position in the relevant landscape's profile and soil origin. Thus, a deep, low-level sandsheet wouid be assigned to the same number as the lowest of the spillway sand units on the Craton (Monkopen = 9, in Figure 2 ). This approximation was considered to be acceptable because data taken from the quadrats themselves were used in subsequent analyses.
Eighteen climatic attributes were derived for each quadrat using ANUCLlM (McMahon et aI., 1995) . These comprised annual and seasonal average and range values for temperature and precipitation (Appendix 2). Soil attributes were also recorded from each quadrat (Appendix 3), including nitrogen, phosphorus, potassium, pH, electrical conductivity, organic carbon, clay-silt-sand percentages and magnesium. Eight landform and five vegetation attributes were also generated (Appendix 1), including latitude, longitude, elevation, landform unit, soil drainage category, slope, salinity risk, salinity class, litter/log cover, tree cover, shrub cover, herb cover and habitat complexity (modified from Newsome and Catling, 1979) . Latitude and longitude values were determined using a hand-held GPS accurate to ±30 m. Explanation of the salinity attributes is provided in McKenzie et al. (2004) and in Appendix 1. Because land form had already been used to position the quadrats in each survey area, it could not also be used as an attribute in the compositional analysis.
Analytical strategy
The analytical approach taken in this paper was based on the assumption that spatial distribution reflects an underlying correlation with environmental factors (Austin, 1991; Clarke, 1993) . It is an exploratory design, and interpretation is based on deductive rather than inductive logic (Oksanen, 2001) . No experimental design has been implemented to assess a null hypothesis (Austin and McKenzie, 1988) , so alternative hypotheses are not excluded. Inferential statistics are used to test patterns observed in the empirical data.
The relative responses of wheatbelt araneomorph species to our pitfall traps are unknown as are the year-to-year dynamics of population numbers in these communities. We also recognise other limitations in sampling techniques which were aggravated by staff and time limitations. Because these issues precluded reliable estimates of species abundance, we chose to restrict our analyses to data on the presence-absence of taxa at individual quadrats (Austin, 1984; McKenzie et al., 1991) . Thus, the input data utilised for the compositional analyses were survey area-x-genus, survey area-x-species and quadrat-x-species matrices. Species recorded at only a single quadrat (singletons) were excluded from compositional analysis because they convey little information on patterns.
To assess whether records of a species were more geographically localised than would be expected by chance, the average distance between the quadrats at which a species was recorded was calculated and compared with 1000 trials using an equivalent number of randomly arrayed records (quadrat intersections). The probability (P) of achieving the observed average distance was then assessed from the distribution of the 1000 random Iv derived values.
'1'0 gain a clear separation between species of nonsaline environments and those tolerant or adapted to saline conditions, the 51 quadrats affected by secondary salinity were excluded from the quadratx-species matrix (see McKenzie et aI, 2003) . This separation provided a basis for interpreting the species composition of assemblages on the saline quadrats in the absence of extrinsic data on the habitat preferences of virtually any of the araneomorphs in the samples. Thirteen additional quadrats were eliminated from this analysis because they were flooded for long periods during the trapping program (10 in ephemeral fresh water swamps, as well as PI04, UN13 and WK02). This left 240 quad rats in the quadrat-x-species matrix, but did not distort the stratification (see Table 1 in McKenzie et ai, 2003) .
Cluster analysis (from PATN, Belbin, 1995) was used to expose patterns of species composition in the data matrices. The Czekanowski measure (Czekanowski, 1932) was used to compare the quadrats according to their species similarities, because it is known to provide a robust measure of ecological distance (Faith et aI, 1987) . A modified version of the unweighted pair group arithmetic averaging (UPCMA -Belbin, 1995; Sneath and Soka!, 1973) hierarchal clustering strategy was used, with the clustering parameter (Beta) set to -0.1. The partition structure of the resulting dendrogram was used as a summary of compositional patterns in araneomorph genera/species across the study area. Environmental attributes that conformed to the partition structures were assessed for statistical significance using Kruskall-Wallis one way analysis of variance by ranks (in the computer package STAT 'ISTICA, Statsoft, 2001) . The negative exponential smoothing function in STATISTICA was used to interpolate climatic surfaces across the study area thereby illustrating geographic patterns in climatic attributes that were found to be significant. in the survey by 39 families, and a total of 24 640 specimens were identified to species level. The numbers of specimens identified from each quadrat were not particularly high despite large sampling effort (average 81.1, s.d. 49.6. range 2 -316), and there are substantial differences between quadrats that may indicate differences in sampling effectiveness and lead to bias in comparisons of quadrat richness. Some of the poorest quadrats were those on salt-flats or in low-lying salt-affected areas. An additional six months of sampling at a sub-set of the salt-flat quadrats revealed no additional araneomorph species (Durrant and Cuthrie, 2004) , so we proceeded with analyses of richness on the basis that our samples adequately reflect trends. 111is sampling issue is investigated further under the heading Richness, below.
RESULTS
The infraorder Araneomorphae was represented
The representatives of five families were not identified to species-level due to time and resource constraints, as well as uncertainty regarding the unresolved taxonomic boundaries at the species level. These five families (Ctenidae, Cnaphosidae, Miturgidae, Sparassidae and Zoridae) are not listed below and were excluded from the analyses.
Observations on species geographical occurrence that are included in the annotated list below are derived from Table 1 .
Agelenidae
Two species assigned to the Agelenidae were recorded in the survey. The first, Cenus 1 sp. 1, was found at the Kt survey area, whilst the second, Cenus 1 sp. 2, was found at UN and WK.
Amaurobiidae
The family Amaurobiidae was represented in the survey by a diverse assemblage of 27 species. Four species were found at more than 20 quadrats (Cenus 2 sp. 01, Cenus 3 sp. 01, Cenus 3 sp. 02 and Cenus 3 sp. 16) and seven species were found at only a single quadrat. The amaurobiid fauna of Western Australia is poorly known, and the systematic position of many of the species here placed in this family may reside in other families.
Amphinectidae
The survey revealed 11 species attributed to the Amphinectidae, most of which were found in just a few quadrats. They were predominately recorded from southern study sites.
Anapidae
'rhe anapid fauna of southern Western Australia is represented by the sole genus Chasmocephalon, a genus that is also found in eastern Australia along with a variety of other genera (Platnick and Forster, 1989) . All anapids are tiny spiders less than 2-3 mm in length. Three species of Chasmocephalon were 
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Araneidae
We recorded a variety of araneids, but usually in very low numbers. The majority of araneid species are arboreal and, because they are not reliably captured in pitfall traps, were excluded from the quantative analyses.
Cyatholipidae
The family Cyatholipidae occurs in the majority of the southern continents (Forster et al., 1988; Griswold, 2001) (2000) found three species of Matilda in the Carnarvon Basin region, and this study found two species of this widespread and abundant genus.
Cydoctenidae
Cycloctenid spiders are restricted to Australia and New Zealand and are vagrant hunters occurring in leaf litter or under stones and rocks. The Western Australian fauna consists of small spiders of uncertain generic affinity. In this survey, Genus 1 sp. 1 was found once at DA and Genus 2 sp. 1 was found once at LK.
Deinopidae
Members of the cosmopolitan family Deinopidae construct spectacular webs that they use to ensnare their prey (Raven et aI., 2002) . A single species of Deinopis was found sporadically throughout the study area at 10 quadrats. Most deinopids are generally arboreal and, because they are not reliably captured in pitfall traps, were excluded from the quantative analyses.
Desidae
Spiders of the family Desidae are commonly found in a wide variety of Western Australian terrestrial habitats. This survey recorded 39 species, the majority of which were found in few quad rats.
Filistatidae
Filistatid spiders are found in a variety of regions in mainland Australia, and are represented by several species of Walldel/a and by a single cavedwelling species of Yardiel/a (Gray, 1994) . Most species of Walldel/a occur under the bark of trees, although Harvey et al. (2000) recorded five species in pitfall traps in the Carnarvon Basin region indicating that some species either live permanently on ground habitats (such as in litter or under stones) or that they move from tree trunks onto the ground at certain times of the year. The present survey recorded Walldel/a barbarella Gray.
Gallieniellidae
The Australian members of the gnaphosoid family Gallieniellidae were recently revised by (Platnick, 2002) who found a small fauna of five genera and 27 species. Harvey et al. (2000) encountered five species in the Carnarvon survey, including two species of Meedo. The present survey recorded six species, including Meedo houstoni Main which was also found in the Carnarvon survey.
Hahniidae
Hahniids are tiny litter or bark dwelling spiders. Ten species were found in low numbers during the present survey, while no hahniids were found in the Carnarvon survey (Harvey et al., 2000) .
Hersiliidae
H.ersiliid spiders are generally found on tree trunks where they lie cryptically in wait for their prey. Baehr and Baehr (1987 , 1992 , 1993 , 1995 , 1998 have recorded a total of 25 species of Ta1l1opsis from Western Australia, with a further four species of Hersilia from northern Western Australia. Nine species of Ta1l1opsis were recorded in this survey, most from just a handful of localities, suggesting that they are infrequently captured in pitfall traps due to their arboreal lifestyle. For this reason the family was excluded from the quantative analyses.
Lamponidae
The Lamponidae are restricted to Australia, New Caledonia and New Guinea, with two species accidentally introduced into New Zealand; the vast majority of lamponids are Australian (Platnick, 2000) . The Lamponidae were revised by Platnick (2000) who recognised numerous Australian genera species.
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O r s o l o b i d a e
T h e C o n dw a n a n f am i l y O r s o l o b i d a e i s r e p r e s e n t e di n t h e A u s t r a l i a n f a u n ab ym em b e r s o f s e v e r a lg e n e r a , o f w h i c h T a sm a n o o n o p s a n d A l I s t r a l o b l l s h a v eb e e nf o u n di nW e s t e r n A u s t r a l i a ( F o r s t e ra n d P l a t n i c k , 1 9 8 5 ) . F u r t h e r u n n am e d s p e c i e so f b o t h g e n e r a a r e k n ow n (H a r v e y , u n p u b l i s h e d d a t a ) . A s i n g l es p e c im e no fa n u n n am e ds p e c i e sw a sf o u n da tWH 0 2 .
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a e a r ea b u n d a n ti nA u s t r a l i a n f o r e s t sb u th a v el a r g e l y r em a i n e du n s t u d i e de x c e p t f o rt h ew o r k o fH i c km a n ( 1 9 4 4 ,1 9 4 5 , 1 9 7 9 )a n d F o r s t e r( 1 9 5 9 ) .W e f o u n ds e v e r a ls p e c i e st e n t a t i v e l y p l a c e di n t h e g e n u sM i c r o p h o l c o l l lm a .
M y sm e n i d a e
T h e t i n vs p i d e r so f t h eM y sm e n i d a e a r eo n l y r a r e l y c o l l e c t e di n p i t f a l lt r a p s , a n do n l ytw o s p e c i e s w e r ef o u n di n t h i s s u r v e y ,e a c hf r omas i n g l es i t e .
N i c o d am i d a e T h eN i c o d am i d a
e w e r e r e v i s e db yH a r v e y w h o f o u n dtw og e n e r ai nN ew Z e a l a n d a n df i v e g e n e r a i nA u s t r a l i a , o n eo fw h i c h a l s oo c c u r s i n N e , v C u i n e a . T h e W e s t e r n A u s t r a l i a n f a u n ai s r e p r e s e n t e db y t h r e es p e c i 
i d e s p r e a d t h r o u g h o u tt h es u r v e ya r e a ,w h i c h i s P a r a r c h a e i d a e T h ef am i l yP a r a r c h a e i d a ei s r e s t r i c t e d t o
A u s t r a l i a a n dN ewZ e a l a n dw h e r et h e y o c c u ri n f o r e s t e da n d w o o d l a n d h a b i t a t s . Tw o u n n am e d s p e c i e so f P a r a r c h a e aw e r e f o u n di nt h e s u r v e y .P a r a r c h a e as p . 1w a s f o u n da to n eq u a d r a tw h i l s t P a r a r c h a e as p .2 w a s f o u n da tav a r i e t y o fs i t e st h r o u g h o u tt h e s u r v e y a r e a .
P h i l o d r om i d a e
T h eA u s t r a l i a n p h i l o d r o r n i df a u n ai s sm a l l(R a v e n e ta I . ,2 ( 0 2 )w i t h j u s t ah a n d f u lo fr e c o g n i s e d s p e c i e s i ntw og e n e r a , P h i l o d r om l l s a n d T i b e l l u s . W e r e c o g n i s e df o u rs p e c i e so fT i b e l l u s i nt h ep r e s e n t s u r v e y ,e a c hc o l l e c t e d i nv e r y l own um b e r s , p r e s um a b l y d u e t ot h e i rp r im a r i l y a r b o r e a l p r e f e r e n c e s .
S a I t i c i d a e T h e S a l t i c i d a e a r et h el a r g e s ts p i d e rf am i l y
( P l a t n i c k ,2 0 ( 4 ) a n dt h eA u s t r a l i a n f a u n ai s im p e r f e c t l yk n ow n(D a v i e sa n dZ a b k a , 1 9 8 9 ) .W e r e c o r d e d1 2 1s p e c i e si n 4 1g e n e r a ,o fw h i c h t h e v a s t majority are undescribed. The Salticidae were the subject of a separate analysis in this volume (Guthrie and Waldock, 2004) .
Segestriidae
Only three species of Segestriidae were recognised, in contrast to the seven species found in the Carnarvon survey.
Stiphidiidae
The Australasian spider family Stiphidiidae was represented in the survey by a single species of Baiami, three species of Corasoides, a species of Forsterina, and two species tentatively placed in Corasoides.
Tetrablemmidae
The spider family Tetrablemmidae is currently represented within Australia by a single named species, Tetrablemma okei from Victoria, but numerous unnamed species occur in eastern and northern Australia (Harvey, unpublished data) . A single female tetrablemmid was collected at M002, which represents the first record of this family from sou thern Western Australia.
Tetragnathidae
Tetragnathid spiders are represented in southwestern Australia by several genera such as Nephila and Tetragnatha, as well as a series of poorly known metines. This survey found two such metine species in low numbers.
Theridiidae
Theridiid spiders are a ubiquitous part of the spider fauna of most regions of the world, and we recorded 80 species.
Thomisidae
We recorded 31 species of Thomisidae during the survey, primarily in the genera Sidymella, Stephanopis and Tharpyna. As the majority of these species are considered to be arboreal or corticolous and, because they are not reliably captured in pitfall traps, they were excluded from the quantative analyses.
Trochanteriidae
Platnick (2002) has recorded a rich trochanteriid fauna in Australia, represented by 14 indigenous genera. We found five species of this family, including four species of Trachyspina and a single species of Rebilus, each from a single quadrat.
Zodariidae
Recent systematic research on the Australian zodariid fauna has revealed a highly diverse fauna consisting of numerous genera (e.g. Baehr, 1992, 2001; Jocque, 1995a,b; Baehr, 2003a,b, in press; Jocque, 2000, 2001; Jocque and Baehr, 2001; Baehr and Churchill, 2003; ) . The 117 species of Zodariidae recorded during the survey were the subject of a separate analysis in this volume (Durrant, 2004) , in which there was no discernible relationships between species composition and substrate data. Figure 3 provides a graphical representation of species richness within each landfonn unit. Natural saltflats (unit 2) had the fewest species, while dissection valley slopes (units 4 to 8) and durierust pavements (unit 12) were the richest.
The relationship between salinity risk (SAL, as a measure of secondary salinity) and species richness was quantified for the ground-dwelling araneomprphs overalL and for the three most speciose families separately: Salticidae (121 species), Zodariidae (117) and Lycosidae (61). Together, these comprised 48(};) of the araneomorph species recorded during the survey. This analysis was restricted to the 55 quadrats sampled on landform unit 3 (dissection valley floors), the unit with sufficient quadrats sampled in each of the four salinity risk categories to offer a balanced comparison (McKenzie et 2003) . Together the three families analysed comprised 47% of the araneomorph richness recorded on landfonn unit 3. Salticids and zodariids showed a significant negative correlation with electrical conductivity, while lvcosids showed a significant positive 283 correlation (Kendals Tau -0.26, p = 0.006; r -0.37, P 0.0001; r 0.31, P 0.001, respectively). A significant negative correlation was also found when all araneomorph families, except lycosidae, were included (r = -0.27, P 0.004). Although richness was tightly correlated with numer of specimens (r = 0.56, P < 0.0001), the latter was not significantly correlated with salinity risk. This suggests that the significance of the salinity risk correlation was related to species richness rather than being an artefact of the relatively low numbers of identified specimens per quadrat (87, s.d. = 60, n 55). Scatter-plots of species richness versus EC showed that individual outlying points did not determine the significance of these correlations. Using a larger data-set of arachnids and vertebrates that encompassed the araneomorph data being investigated in this paper, McKenzie et al. (2003) showed that these secondarily salt-affected quadrats held a species-poor sub-set of the assemblages recorded on their unaffected counterparts, as well as a few natural salt-flat species.
Singleton species and local endemism One hundred and eighty-five species of araneomorph spiders were recorded at only one quadrat, representing 29.7°!cl of the entire data-set. Coefficient of Dis-similarity Figure 4 Dendrogram structure derIved by classifying the 24 survey areas according to the combined genera cornpC)Sltlon of their component quad rats (a total of 166 non-arboreal araneomorph genera). Singleton species were retamed in the 304 quadrat versus 622 species matrix from which the survey area genera lists were derived. Genera that were recorded m only a single survey area were included in the analysis. Figure 5 The four partitions in Figure 4 were most clearly separated by warmest period maximum temperature. Mean and 95% confidence intervals are based on climatic values averaged across the 12 to 13 quadrats within each survey area (H ; Kruskall-Wallis coefficient, n ; number of quadrats, df degrees of freedom, and P ; probability).
On average, each quad rat had only one singleton (sd = 1.01, n = 304). Of the 400 non-singleton species recorded on the 240 quadrats that were both unaffected by secondary salinity and adequately sampled, 38% (152/400) were more geographically localised than would be expected by chance alone (P < 0.05), compared to 1000 trials using an equivalent number of randomly arrayed records (quadrat intersections), randomly arrayed, for each species. Overall, 65% of species (261/400) were recorded at between 2 and 10 quadrats and 26% of these (67/261) were more geographically localised than would be expected by chance (P < 0.05). These 67 species were recorded in an average of 3.3 survey areas (s.d. = 1.9), and most were recorded only in the same or adjacent survey areas (51/67 species). This should not be interpreted as unambiguously implying that all 67 species are locally endemic. Records of 66 of the 67 species extended into survey areas on the periphery of the study area and further survey work will probably show that many of these species extend beyond this periphery. Because of the elongate shape of the study area (Figure 1) , 18 of the 24 survey areas were peripheral.
Patterns in genus composition
By classifying survey areas in terms of their genera composition we could minimise the effects of species endemism and substrate, and reduce the influence of study area edge effects and sampling noise, on the partition structure of the resulting dendrogram. The compositional pattern, as summarised by the resulting dendrogram structure at the four partition-level (Figure 4) , was closest to the warmest period maximum temperature (see Figure 5 ). At the five partition-level significant separation of all partitions was best achieved by a combination of temperature diurnal range and warmest quarter mean temperature (Table 2) . Together, these two climatic attributes yielded a climatic topography and axis only slightly different from warmest period maximum temperature.
To see whether substrate attributes emerged as significant correlates with compositional patterns in araneomorph genera, the 240 quadrats were classified in terms of similarities in the presence and absence of their 162 araneomorph genera. The four genera that occurred at only a single quadrat are excluded from this analysis. The resulting dendrogram structure could be interpreted down to the seven partition-level, where six of the seven groups could be separated statistically using a combination of four quadrat attributes: SAL (salinity risk), soil pH, warmest quarter mean temperature and precipitation seasonality (Table 2) . Group 5 could not be separated uniquely, but comprised just three of the 240 quadrats. Figure 6 is the dendrogram structure derived when the survey areas were classified according to their total araneomorph species composition. This dendrogram reveals a strong geographical pattern related to rainfall and temperature gradients. When the structure was examined statistically against survey area climatic attributes, the tightest r e l a t i o n s h i pw a s w i t h w a rm e s t p e r i o d m a x im um t em p e r a t u r e( T a b l e2 ) ,an o r t h -n o r t h -e a s tt os o u t hs o u t h -w e s t a x i sr e l a t e dt o t h e h o t t e rs umm e r s i n t h e n o r t h -n o r t h -e a s t( F i g u r e 7 ) . W h e n t h e 2 4 0q u a d r a t sw e r ec l a s s i f i e di n t e rm s o f s im i l a r i t i e si nt h e i rs p e c i e sc om p o s i t i o n , t h e d e n d r o g r am c o u l d b e i n t e r p r e t e dd ow n t ot h e e i g h t -p a r t i t i o nl e v e l( F i g u r e8 ) .A l l p a r t i t i o n sc o u l d b es e p a r a t e ds t a t i s t i c a l l yu s i n gac om b i n a t i o no f f o u rq u a d r a ta t t r i b u t e s :s o i ls a l i n i t y ,s o i l pH , T a b l e2 E n v i r o nm e n t a l a t t r i b u t e st h a tb e s ts e p a r a t e dt h ec l a s s i f i c a t i o n p a r t i t i o ns t r u c t u r e sd e r i v e d f r omt h ef o u r c om p o s i t i o n a la n a l y s e s(A s u r v e ya r e a s , C =g e n e r a , Q =q u a d r a t s ,S s p e c i e s ,I 1= K r u s k a l l -W a l l i s c o e f f i c i e n t ,P= p r o b a b i l i t y ,m x Twm l ' = w a rm e s t p e r i o dm a x im um t t 'm p e r a t u r e ' C , T d i r t em p e r a t u r e d i u r n a l r a n g e ,TwmQ W < l rm e s t q u a r t e rm e a n t em p e r a t u r e ,I ' s e a=p r e c i p i t a t i o ns e a s o n a l i t ymm , SA L=s a l i n i t vr i s k , EC= d l ' c t r i c a lc o n d u c t i v i t ym S /m , p iI = s o i lpH ) . l d o c k , N . A .G u t h r i e ,B .J .D u r r a n t ,N .L .M cK e n z i e W a rm e s t P e r i o dM a x im um T em p e r a t u r e ) .H i g h e s tt em p e r a t u r e v a l u e sa r ei n t h e n o r t h .
Patterns in species composition
w a rm e s t q u a r t e rm e a n t em p e r a t u r ea n dr a i n f a l l s e a s o n a l i t y( F i g u r e 8 ,T a b l e2 ) . W a rm e s t q u a r t e rm e a n t em p e r a t u r ei st i g h t l y i n t e r c o r r e l a t e dw i t h w a rm e s t p e r i o d m a x im um t em p e r a t u r e (K e n d a l l ' s T a u= 0 . 9 2 ,P<0 . 0 0 1 ) .T h u s , t h ef o u rc l a s s i f i c a t i o na n a l y s e sy i e l d e d s im i l a r r e s u l t s( T a b l e2 ) ,a l t h o u g hs a l i n i t yem e r g e da sa n im p o r t a n tf a c t o ri nt h etw oq u a d r a tc l a s s i f i c a t i o n s ( e i t h e ra s s a l i n i t yr i s ko r a s s o i le l e c t r i c a l c o n d u c t i v i t y ) ,a l o n gw i t hs o i lpH .
D I SCU S S ION
D 1 e s p i d e rf a u n ao fs o u t h e r nW e s t e r n A u s t r a l i a c o n s i s t so fr i c ha s s em b l a g e s(B r e n n a na n dM a j e r , i n p r e s s ;B r e n n a ne ta l . ,i n p r e s s ) ,w i t hn um e r o u sg e n e r a a n ds p e c i e ss h ow i n gv a r y i n gd e g r e e so fr e g i o n a l e n d em i c i t y .K n ow l e d g e o ft h ed e t a i l e d t a x o n om y a n dd i s t r i b u t i o n so ft h i sf a u n ai sr e s t r i c t e dt o j u s t a f ewf am i l i e s( s e eI n t r o d u c t i o n ) .M a n y o ft h e s e s t u d i e ss h owt h a tw h i l s t s p e c i e se n d em i sm i n s o u t h e r nW e s t e r n A u s t r a l i a i sh i g h ,t h e r ei sa l s oa c o n s i d e r a b l ec om p o n e n t o ft h e f a u n at h a t r a n g e s i n t o o t h e ra r e a so fs o u t h e r nA u s t r a l i a o ri n t o t h e c e n t r a l o r n o r t h e r n r e g i o n s o f W e s t e r n A u s t r a l i a . R e g r e t t a b l y , m a n y o t h e rf am i l i e sa r et a x o n om i c a l l y p o o r l yk n ow na n dt h ei d e n t i f i c a t i o n sm a d e d u r i n g t h i ss t u d yc a n n o tb er e a d i l yc o r r e l a t e dw i t h t h e f a u n a e f o u n d i n o t h e rr e g i o n s o ft h e c o u n t r y .
T h e r ei s l im i t e d e x t r i n s i ck n ow l e d g ea v a i l a b l eo n p a t t e r n i n gi nW e s t e r n A u s t r a l i a a r a n e om o r p h s p i d e r c omm u n i t i e s , w h i c h p r e c l u d e d a m u l t i v a r i a t e s t a t i s t i c a la p p r o a c ht ot h ea n a l y s i s . R e l a t i o n s h i p sr e v e a l e db ys u c ha na n a l y s i sc o u l db e a r t e f a c t so fs am p l i n gd e s i g n . A l s o , m a n y o ft h e e n v i r o nm e n t a la t t r i b u t e sr e c o r d e df o re a c hs t u d y q u a d r a tw e r e s t r o n g l yi n t e r c o r r e l a t e d .T h u s , t o g e n e r a t eh y p o t h e s e sf o rf u t u r e s t u d i e sw er e s t r i c t e d o u ra n a l y s e st o au n i v a r i a t ea p p r o a c h .
O v e r a l la r a n e om o r p hd i v e r s i t yp a t t e r n sa c r o s st h e w h e a t b e l t s t u d ya r e ac o n f o rm e dm o s t c l o s e l yt oa c om b i n a t i o no fs o i ls a l i n i t y ,a s umm e rm e a n t em p e r a t u r e g r a d i e n tw i t han o r t h -s o u t ha x i s ,a n da p r e c i p i t a t i o ns e a s o n a l i t yg r a d i e n tw i t ha ne a s t -w e s t [7] [8] [9] 12, 13, DNOI, 2, 6, 8 KNIO, MN03, 4, 7, 1O, MOOI, 3, 5, 6, [9] [10] [11] [12] 1O, 11 PI05, QU04, WH04, 5, 7, 8, 11, [9] [10] [11] [12] Y002, 1O DN05, [9] [10] [11] [12] [13] ES07, 6, 12, HY01, [3] [4] [5] [6] [7] 9, 1O JBOl, 2, 12, 13, 11, LK02, [4] [5] [6] 8, [10] [11] [12] [13] 5, 6, 11, 6, [8] [9] [10] [11] [12] [6] [7] [8] [9] 12, 6, [9] [10] [11] [12] 10, WH03, 6, 9, IO, WKOI, [6] [7] [8] [9] [10] [11] 13, Y001, [4] [5] [6] [7] [8] 12, 13 DN03, 4, [9] [10] [11] [12] Figure 8 Dendrogrum derived cbssifymg 240 quudruts uccording to their species composition. Structure to the 8-partition level IS shown. Matrix was presence/ubsence data for 400 species und excluded singleton species, fresh-'Nater swamps (LF 1), severely salt-affected quudrats (SAL 3 and 4) other thun natural salt flats (LF 2), and the three that were inunduted for long periods during the trup program (PI04, UN13 und WK02) axis. As pointed out in Results, these two climatic attributes in combination yield a climatic topography and axis only slightly different from warmest period maximum temperature. However, the climatic components of this pattern could also be explained in terms of broadscale landscape relationships. As pointed out in Methods, the ES and part of the ep survey areas are not actually on the Yilgarn Craton; nor are NO and DN in the north. Furthermore, Mulcahy and liingston (1961) divided the Craton in the central part of the study area into eastern and western zones because the Tertiary Plateau is much more dissected in the west due to their different paleoclimatic histories. Also, the western zone has a rejuvenated drainage system that flows westwards, while the eastern zone's ancient drainage system comprises chains of salt lakes and follows Tertiary paleodrainage lines that are orientated northwards and/or eastwards (e.g. Beard, 2000) . These broad landscape differences more or less correspond to the dendrogram partitions analysed (rable 2); deductive studies such as this do not eliminate alternative hypotheses (Oksanen, 2001) .
BEOI
It was clear that the saltflats support an array of specialist halophilic araneomorphs (species group 18 in Appendix 4). This is not surprising because groundwater dating in south-western Australia (Commander et ai, 1994) and sedimentary studies on gypsum accumulation in Lake Lefroy by Zheng et al (1998) suggest that most halite lakes have been saline for up to a million years (and earlier phases of salt lake formation in this old and geologically stable landscape are probable).
This study revealed an inverse relationship (correlation) between araneomorph species richness and soil salinity, both natural salinity and the secondary salinization induced by agricultural clearing during the last 100 years. Given that saltaffected sites in our study contained a compositional sub-set of their unaffected counterparts (McKenzie et al., 2003) , the effect of secondary salinity on araneomorph richness (and composition) is essentially negative. While the araneomorphs belonging to the family Lycosidae (wolf spiders) showed a positive correlation, the relationship is probably not causal. Individual lycosid species, both in Australia and elsewhere, are often confined to particular habitats such as riverine margins, sand dunes and salt lakes (McKay, 1979; Hudson and Adams, 1996; Moring and Stewart, 1994) . Generally, Main (2001) characterised lycosids as adaptive opportunists that favour open environments, and predicted that the family would increase in lands cleared for agriculture. As with clearing, rising ground-water salinity results in a net loss of vegetation cover and, in the wheatbelt, our data suggest that these conditions favour lycosids, at least initially. Thus, salt affected sites (mainly the woodland sites on the dissection valley floor, landform 3) hold their lycosid diversity and, at least in the initial stages of secondary salinity, may be further enriched through colonisation by saltflat specialist species such as Lycosa salifodina.
The only substrate patterns that emerged dearly from the quadrat analyses were related to salinity attributes. No distinct, study area-wide patterns in composition emerged that related to other substrate attributes (e.g. soil texture, chemical attributes etc). A plausible explanation is that local endemism, as noted in the salticid and zodariid components (Durrant, 2004; Guthrie and Waldock, 2004) , perhaps exaggerated by local covariance in population densities etc, masked any such subtleties.
Broader relationships with soil-landscape zones and climatic gradients were discussed earlier. In any case, clear-cut patterns should not be expected because a species' presence or absence at a site is actually determined by physiological limits and availability of suitable resources in combination with guild, predation and other ecological processes. Rosensweig (1992) pointed out that species define habitats, not vice versa. Correlations with environmental parameters such as those revealed in this study, are indirect consequences of species niche requirements rather than directly causal to their presence/absence at sites.
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